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(57) Low bandwidth telecommunications chan- 
nels are transformed into a high bandwidth 
telecommunications channel by determining 
the relative transmission delays among a 
plurality of relatively low bandwidth channels 
which are to be combined into a relatively high 
bandwidth communications channel. The trans- 
mission time delay across the plurality of low 
bandwidth channels is then equalized so that 
the time delay equalized low bandwidth chan- 
nels combine to effectively form a single high 
bandwidth channel. The relative transmission 
time delays among the low bandwidth channels 
may be determined by transmitting an align- 
ment (synchronization) signal across each of 
the low bandwidth channels, receiving the 
alignment signal from each of the low 
bandwidth channels, and measuring the time 
difference among the received alignment sig- 
nals at each of the low bandwidth channels, 
based on the measured time differences, time 
delay across the plurality of low bandwidth 
channels is equalized, so that the transmission 
time delay equalized low bandwidth channels 
may be combined to effectively form a single 
high bandwidth channel. 
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This invention relates to communications sys- 
tems and more particularly to the transmission and 
reception of information over telecommunications 
networks. 

The present telecommunications carrier network 
has evolved into a primarily digital network with indus- 
try standard transmission rates, channelization, mul- 
tiplexing/demultiplexing, switching and cross- 
connection. The network includes both copper and 
optical fiber transmission cables, as well as free 
space (e.g. microwave) transmission. Mechanical 
and electronic switches are used. Equipment used to 
form these networks must conform to very rigid spec- 
ifications which define interface signal characteris- 
tics, signal framing formats, multiplexing techniques 
and channel clock and jitter characteristics. This al- 
lows equipment from a variety of vendors to be used 
to construct the various carrier networks and to inter- 
face to the carrier networks. A high degree of compa- 
tibility among the carrier networks is also provided. 

In the evolution of the telecommunications carri- 
er network, many network communications problems 
have been addressed and solved. For example, car- 
rier recovery in a network is described in U.S. Patent 
4,458,356 to Toy. The framing of transmitted data for 
alignment and synchronization within a single chan- 
nel is described in U.S. Patents 4,394,758 to Donne ; 
4,394,759 to Delle Donne, 4,675,886 to Surie ; 
4,774,095 to Cornet et al. ; and 4,945,533 to Schroed- 
er et al. Substitution of a new channel for a defective 
data channel is described in U.S. Patent 4,41 7,348 to 
Abbruscato. 

Standardization of the telecommunications net- 
work has often forced users to utilize network chan- 
nels which have a higher bandwidth, and are there- 
fore more expensive than necessary, because the 
channel bandwidth in the network cannot be custom- 
ized. In particular, users of networks must utilize the 
bandwidth in the basic channel increments which are 
available from the telecommunications carriers. If a 
higher bandwidth is required than is provided by a giv- 
en type of channel, the user is forced to utilize the 
next higher bandwidth channel even though this 
bandwidth may far exceed the user's requirements. 

An example of the fixed data communications 
bandwidths which are available to a network user 
may be found in the "T1" and "T3" standardized chan- 
nels which are made available by network carriers. 
The T1 channel, a 1.544 megabits signal, accommo- 
dates 1.536 megabits per second of voice and/or data 
communications. The next higher bandwidth which is 
widely available for use is the T3 channel, a 44.736 
megabit per second signal, which has a payload 
bandwidth of 44.2 megabits per second. Intermediate 
rates between 1.536 megabits per second and 44.2 
megabits per second are not available. Accordingly, a 
user application requiring a bandwidth increment 
greater than 1.536 megabits per second, but less 



than 44.2 megabits per second, muse use a T3 chan- 
nel at less than full capacity. Since a T3 channel is far 
more expensive than a T1 channel, the use of a T3 
channel at less than full bandwidth is costly, and 
5 wasteful of network resources. This is especially true 
when the user's bandwidth requirement is a small 
multiple of the available T1 bandwidth, since the 
bandwidth ratio between the T1 and T3 channels is 
almost thirty. 

10 It would be desirable to combine two or more T1 

channels to obtain the requisite bandwidth. However, 
channel combining cannot be readily done, because 
there are no assurances that information transmitted 
over a plurality of combined channels will be received 

15 synchronously. In fact, although the commercial car- 
riers guarantee that information transmitted over an 
individual channel, such as a T1 channel, will arrive 
intact, there is no guarantee that information trans- 
mitted over combined channels will have any predict- 

20 able delay or phase relationship. Predictable delay- 
/phase relationships among different channels can- 
not be assured because each channel may follow a 
different route through the telecommunications car- 
rier network, even though the channels are transmit- 

25 ted from the same location and received at the same 
location. The delay differences between a group of 
channels which follow the same route through the 
network may be minimal. However, when the chan- 
nels are routed through different routes on the same 

30 network carrier, or are split between different network 
carriers, the received information will not have a pre- 
dictable delay/phase relationship. 

Summary of the Invention 

35 

It is therefore an object of the present invention 
to provide a method and apparatus for transforming 
a plurality of relatively low bandwidth communica- 
tions channels into a relatively high bandwidth com- 

40 munications channel. 

It is another object of the present invention to al- 
low low bandwidth communications channels to be 
combined into a high bandwidth communications 
channel notwithstanding arbitrary routing of the indi- 

45 vidual low bandwidth channels in the communica- 
tions network. 

These and other objects are provided, according 
to the present invention, by determining the relative 
transmission delays among a plurality of relatively low 

so bandwidth channels which are to be combined into a 
relatively high bandwidth communications channel, 
and equalizing the transmission time delay across 
the plurality of low bandwidth channels, so that the 
time delay equalized low bandwidth channels com- 

55 bine to form a single high bandwidth channel. The rel- 
ative transmission time delays among the long band- 
width channels may be determined by transmitting an 
alignment (synchronization) signal across each of the 
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low bandwidth channels, receiving the alignment sig- 
nal from each of the low bandwidth channels, and 
measuring the time delay differences among the re- 
ceived signals at each of the low bandwidth channels. 
Based on the measured time differences, time delay 
across the plurality of low bandwidth channels is 
equalized, so that the transmission time delay equal- 
ized low bandwidth channels may be combined to 
form a single high bandwidth channel. 

In a preferred embodiment of the present inven- 
tion, the received alignment (synchronization) signals 
are used to determine the longest transmission time 
delay among the plurality of low bandwidth channels. 
A time delay difference is calculated between each of 
the plurality of low bandwidth channels and the lon- 
gest transmission time delay. A time delay is then 
added to each low bandwidth channel, corresponding 
to the associated calculated time delay difference. 
Accordingly, a delay is added to each of the low band- 
width channels so that the resultant delay equals the 
longest delay which is encountered. The high band- 
width data which is asynchronously received in a non- 
aligned state from the plurality of low bandwidth chan- 
nels is thereby aligned and combined into a single 
high bandwidth data channel. 

In the communications channel environment de- 
scribed above, a plurality of T1 channels may be com- 
bined into an effective single channel having a band- 
width of N times T1, for example, by transmitting the 
known T1 channel frame alignment pattern concur- 
rently across each of the T1 channels. Upon receipt 
of the T1 channel frame alignment/synchronization 
patterns at the receiving end of each of the T1 chan- 
nels, the transmission delay times are calculated and 
the requisite delay is added to each T1 channel in or- 
der to equalize the delays among the T1 channels. 
Once equalized, a monitor signal may be repeatedly 
and concurrently transmitted across each of the low 
bandwidth channels, in order to verify that signals re- 
main aligned across the time delay equalized chan- 
nels. In a T1 environment, the monitor signal may 
comprise the T1 channel frame synchronization pat- 
tern. Alternatively, it may comprise a pseudo-random 
data sequence which is interleaved with the transmit- 
ted information to ensure that alignment of the low 
bandwidth channels has not been lost. 

The method and apparatus of the present inven- 
tion, allows relatively low bandwidth channels to be 
combined to effectively form a relatively high band- 
width channel. Users need not jump to the next higher 
bandwidth standard channel, when the bandwidth of 
a channel is minimally exceeded. Fractional high 
bandwidth channels may thereby be created to suit 
an individual user's requirement, with minimal over- 
head and without impacting the operation of the stan- 
dardized data communication network. Resources 
are thereby efficiently allocated and data communi- 
cation costs are reduced. 



Brief description of the drawings 

Figure 1 is a block diagram illustrating a telecom- 
munications carrier network hierarchy. 
5 Figure 2 is a high level block diagram illustrating 

a carrier network for implementing an effective single 
high bandwidth channel according to the present in- 
vention. 

Figure 3 is a block diagram further illustrating ad- 
w ditional details of Figure 2 according to the present in- 
vention. 

Figure 4 is a representation of the bit frame for a 

T1 channel. 

Figure 5 is a block diagram illustrating the disas- 
15 sembly for implementing an effective single high 
bandwidth channel according to the present inven- 
tion. 

Figure 6 illustrates the operations performed by 
the disassembly control logic for implementing a sin- 
20 gle high bandwidth channel of Figure 5. 

Figure 7 is a block diagram illustrating the reas- 
sembly for implementing a single high bandwidth 
channel according to the present invention. 

Figure 8 illustrates the operations performed by 
25 the reassembly control logic for implementing a single 
high bandwidth channel of Figure 7. 

Detailed description of a preferred embodiment 

30 The present invention now will be described more 

fully hereinafter with reference to the accompanying 
drawings, in which a preferred embodiment of the in- 
vention is shown. This invention may, however, be 
embodied in many different forms and should not be 

35 construed as limited to the embodiment set forth 
herein ; rather, this embodiment is provided so that 
this disclosure will be thorough and complete, and will 
fully convey the scope of the invention to those skilled 
in the art. Like numbers refer to like elements 

40 throughout. 

Prior to describing a preferred embodiment of the 
invention, a general description of a telecommunica- 
tions network hierarchy will be provided. The prob- 
lems faced by users whose required bandwidth ex- 

45 ceeds that of a standard channel will be described. An 
overall system description of the present invention 
will be provided, followed by a description of the align- 
ment/synchronization process according to the pres- 
ent invention. A description of disassembly for trans- 

so mission and reassembly for reception will then be pro- 
vided, followed by an end-to-end example of a "frac- 
tional T3" or other similar network according to the in- 
vention. 

55 Telecommunication Network Hierarchy 

Referring now to Figure 1, a general description 
of a telecommunications network hierarchy will now 
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be provided. This description generally matches the 
North American telecommunications network. Simi- 
lar descriptions apply to telecommunications net- 
works around the world. 

"DSO" channels 1 1 are bidirectional , duplex com- 
munication lines capable of transmitting voice and/or 
data at a rate of 56 kilobits per second. The total DSO 
rate is 64 kilobits per second, with 56 kilobits per sec- 
ond dedicated to user data and 8 kilobits per second 
dedicated to network overhead. 

T1 CHANNEL BANK 12, also referred toa s a T1 
MUX, is capable of combining 24 independent and 
synchronous DSO bidirectional low bandwidth data 
channels into a "DS1 " data channel 1 3 or a T1 " chan- 
nel. ADS 1 orT1 channel consists of 24 DSO channels 
each operating independently of one another at a 
channel rate of 64 kilobits per second. 

The combination of 24 DSO channels is referred 
to as "D4" format, in which the DSO channels are con- 
sidered "subchannels" because they are indepen- 
dent Thus, T1 MUX 12 forms a "D4" format DS1 or 
T1 channel consisting of 24 DSO channels, each in- 
dependently operating at 64 kilobits per second. 

A second type of DS1 or T1 channel is a "clear" 
channel. A "clear" T1 channel is a clear "pipeline" 
which is not broken into subchannels. It is physically 
a single channel and not a combination of DSO chan- 
nels. A "clear" T1 channel is capable of transmitting 
voice and data at a rate of 1 .536 megabits per second. 
The "clear" T1 channel rate is equal to 1 .544 megabits 
per second, 1.536 megabits per second being the 
data rate and 8 kilobits per second dedicated to net- 
work overhead. 

Still referring to Figure 1, "M13" MUX 14 is a mul- 
tiplexor which can combine up to 28 asynchronous 
DS1 or T1 channels, each having a channel rate of 
1 .544 megabits per second, into a "DS3" channel 15. 
Similarto DS1 OrT1 channels, the DS3 or T3 channel 
15 may have a M13 format consisting of multiple T1 
channels, each T1 channel being D4 format or "clear". 
If the DS3 channel is formed by M13 MUX 14 by com- 
bining between 2 and 28 asynchronous DS1 chan- 
nels, either "D4" formatted or "clear", the DS3 chan- 
nel consists of DS1 channels each operating indepen- 
dently and asynchronously of one another at a T1 
channel rate of 1.544 megabits per second. This 
"M13" formatted T3 channel is therefore considered 
to have subchannels. A DS3 channel may also be a 
single physical "clear" channel which has a channel 
rate of 44.736 megabits per second, with 44.2 mega- 
bits per second being dedicated to data and the re- 
maining bandwidth being dedicated to network over- 
head. 

Note that the M13MUX (device) 14 introduces an 
element of variable delay which is not found at the 
DSO/T1 level. This is because M13 MUX uses a "bit 
stuffing" mechanism in order to synchronize its DS1 
tributaries for transmission across the carrier net- 



work. The process of "bit"stuffing" utilizes elastic 
stores or each DS1 within the M13 MUX. At any one 
moment, the relative depths of the stores may be dif- 
ferent for any two DS1s, thus introducing variable de- 
5 lay differences. Bit stuffing is used in most higher or- 
der North American and CCITT carrier systems. This 
is one more source of variable delay among individual 
low bandwidth channels that is compensated for by 
the invention. 

10 N x DS3 MUX 16 is a multiplexor which is capable 

of combining up to N asynchronous DS3 or T3 chan- 
nels, each operating independently and asynchro- 
nously at a channel rate of 44.736 Megabits per sec- 
ond. A specific example in practice of a N x DS3 mul- 

15 tiplexed channel is for N = 12, wherein the channel 
rate for a 12 x DS3 multiplexed channel is 12 DS3 
channels each operating independently at 44.736 
megabits per second. Thus, the multiplexed channel 
rate is approximately 560 megabits per second as il- 

20 lustrated at 17. For simplicity, DS1 and DS3 channels 
will hereinafter be referred toT1 and T3 channels, re- 
spectively. 

It will be understood by those having skill in the 
art that the channels described above are provided 
25 by the telecommunications carriers to users of the 
network, From a user perspective, the manner in 
which these channels are generated is irrelevant. All 
that matters is that a user may lease DSO, T1 or T3 
channels, having the above described bandwidths. 

30 

PROBLEMS RESULTING FROM REQUIREMENTS 
EXOEEDING A STANDARD CHANNEL 
BANDWIDTH 

35 The standard "clear" T1 channel bandwidth for 

serial data circuits is 1.536 Megabits. The next band- 
width step in the hierarchy is a "clear" T3 channel 
which has a capacity of 44.2 megabits per second for 
a data circuit. The problem facing network users is 

40 that intermediate rates are not available. Thus, when 
a user's requirements fall between the 1.536 Mega- 
bits per second capacity of a clear T1 channel and the 
44.2 megabits per second capacity of a clear T3 chan- 
nel, intermediate capacity between these values are 

45 not available. Rather, the user must either use sev- 
eral individual T1 channels or use an entire "clear" T3 
channel consisting of a single physical channel and 
only use a portion of the available bandwidth capaci- 
ty. If multiple T1 channels are used, the T1 channels 

so operate independently and asynchronously of one 
another. Forexample, if25T1 channels are combined 
by M13 MUX (see Figure 1), the result is 25 indepen- 
dent and asynchronous T1 channels each operating 
at a channel rate of 1.544 megabits per second and 

55 not an effective single synchronous channel rate of 
25 x 1 .544 = 38.6 megabits per second. 

The present invention solves this problem by per- 
mitting use of multiple clear T1 channels to effectively 
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obtain a single high bandwidth channel having an ef- 
fective payload data rate of N x 1.536 megabits per 
second and a channel rate of N x 1.544 megabits per 
second. 

OVERVIEW OF A "FRACTIONAL T3" CHANNEL - 
TRANSFORMATION OF LOW BANDWIDTH 
COMMUNICATIONS CHANNELS INTO A HIGH 
BANDWIDTH COMMUNICATION CHANNEL 

An embodiment of the present invention effec- 
tively combines multiple serial data channels, i.e. 
clear T1 channels each having a payload data rate of 
1 .536 megabits per second, into a single higher speed 
serial data channel, having a payload data rate less 
than the 44.2 megabits per second rate of a clear T3 
channel. A s result, the present invention provides 
"fractional T3" channels or single effective high band- 
width channels in multiples of the network channel 
speed using the lower speed clear T1 channels. It will 
be understood by those having skill in the art that the 
present invention may provide any "fractional Tx" 
channel, which is a channel having a data rate falling 
between the rates for two existing channels. Thus, 
the invention may be used to form any single high 
bandwidth channel from a plurality of lower bandwidth 
nonaligned channels. This is accomplished using two 
processes : "disassembling" before transmission and 
"reassembling" after transmission. 

Before transmission, large user datastreams on a 
high bandwidth serial data channel are "disassem- 
bled" into individual datastreams on multiple lower 
speed lower bandwidth network serial data channels, 
e.g. multiple T1 channels. After transmission, the in- 
dividual datastreams on the multiple network lower 
bandwidth serial data channels, are "assembled" or 
reassembled" into the large user datastream on a 
higher bandwidth, serial data channel. Disassembly 
of the large user datastream on the high bandwidth 
channel permits transmission of the disassembled in- 
dividual datastreams across a number of individual 
lower bandwidth, lower speed network serial data 
channels. The assembling or reassembling of the in- 
dividual datastreams received on the low bandwidth, 
lower speed network data channels results in forma- 
tion of large, aggregate datastream on a high band- 
width data channel. 

The individual low bandwidth carrier network 
data channels often experience unequal transmission 
time delays resulting in the various individual data- 
streams being received at different times on the low 
bandwidth channels. This is caused by the individual 
disassembled datastreams being routed across low 
bandwidth data channels having different routings 
between the transmitter and the receiver. The present 
invention accounts for the different transmission time 
delays between the transmitter and the receiver by or 
aligning/synchronizing the low bandwidth data chan- 



nels on the receiving end. 

Referring to Figure 2, an overview of the imple- 
mentation of a "fractional Tx" channel according to 
the invention is illustrated. For simplicity, a "fractional 
5 Tx" channel will be referred to hereinafter as a "frac- 
tional T3" channel. It will be understood by those hav- 
ing skill in the art that the invention covers other va- 
riations. 

The "fractional T3" channel provides duplex com- 

10 munication in that data communication can be in eith- 
er direction, i.e. bidirectional. In other words, each 
node or end of the carrier network is capable of trans- 
mitting and receiving data. Thus, each end includes 
DISASSEMBLY element/step 10 and REASSEMBLY 

15 element/step 20, so that each end can disassemble 
transmission data TxDATA on the high bandwidth 
channel into individual datastreams for transmission 
on the low bandwidth data channels of the carrier net- 
work at a data rate of N x (channel data rate - process 

20 overhead). Similarly, each end of the carrier network 
(system) can also receive the transmission data 
TxDATA and then forward the received data RxDATA 
in its reassembled form to the user interface. Thus, 
disassembling and reassembling occurs on both 

25 ends of the carrier network. 

Referring to Figure 3, the implementation of the 
"fractional T3" system providing bidirectional data 
communication is illustrated in more detail. The "frac- 
tional T3" channel combines serial low bandwith data 

30 channels available from carrier networks into a sin- 
gle, higher speed, high bandwith data channel oper- 
ating at a data transmission rate equal to the com- 
bined rate of the individual low bandwith channels. 
The individual low bandwith data channels are end to 

35 end synchronous. The low bandwith data channels 25 
are identified as CHANNEL 1- CHANNEL N in Figure 
3. The transmission of data on the individual, low 
bandwidth channels 25, each experience a certain 
amount of transmission delay. This delay, DELAYS &- 

40 N, identified generally at 30 may be different for each 
of the individual channels 25. 

The "fractional T3" channel may be implemented 
in two parts : the "disassembly" of a large datastream 
on a high bandwidth channel into multiple data- 

45 streams for transmission on low bandwidth channels, 
and the "assembly" or "reassembly" of the individual 
datastreams on the low bandwidth channels into a 
single aggregate datastream on a high bandwidth 
channel. DISASSEMBLY 10 occurs as part of the 

50 transmission of data and REASSEMBLY 20 occurs as 
part of receiving of data. 

DISASSEMBLY element/step 10 separates user 
data TxDATA into multiple individual datastreams for 
transmission across individual low bandwidth serial 

55 data channels, CHANNELS 1-N, of the carrier net- 
work. Generally, DISASSEMBLY 10 generates a ref- 
erence clock signal TxCLK as part of the alignment 
process to time each of the individual serial data 
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channels 25, A unique alignment pattern is transmit- 
ted across each of the individual low bandwidth chan- 
nels 25 and is used at the receiving end for aligning 
the individual datastreams received on channels 25. 
The alignment pattern is transmitted for a period of 
time until all of the individual data channels 25 are 
aligned and thus, the transmission time delay for 
each of channels 25 has been accounted for and the 
incoming data will be aligned. 

Once channels 25 are aligned, the individual da- 
tastreams are transmitted on the low bandwidth serial 
data channels 25 along with an alignment monitor 
pattern/signal. The user data TxDATA is sequentially 
routed to each of channels 25. Transmission of TxDA- 
TA begins once the user interface receives TxREADY 
equal to TRUE indicating that the individual serial 
data channels are aligned and that the user data to 
be transmitted may be forwarded to the receiving end 
of the circuit. DISASSEMBLY 10 inserts the align- 
ment monitor pattern/signal into the individual low 
bandwidth datastreams for transmission across chan- 
nels 25. 

The user transmission data TxDATA is clocked by 
the user interface based on the transmission clock 
TxCLK, generated by DISASSEMBLY 10. TxCLK is 
generated by an oscillator within DISASSEMBLY 10. 
TxDATA is clocked from the user interface by TxCLK 
at a rate equivalent to the combined payload data rate 
of all of the individual data channels 25. The payload 
data rate is equivalent to the combined payload data 
rate minus the alignment monitor pattern data rate, 
i.e. payload data rate = Nx (channel data rate - proc- 
ess overhead). The process overhead includes the 
overhead for alignment monitoring. 

Stili referring to Figure 3, an overview of REAS- 
SEMBLY element/step 20 will now be described. RE- 
ASSEMBLY 20 performs initial alignment/synchroni- 
zation of the channels 25 by monitoring each of the 
low bandwidth data channels 25 for the alignment 
pattern. Based on the receipt of the alignment pat- 
terns transmitted on channels 25, REASSEMBLY 20 
determines which serial data channel has the longest 
transmission time delay. The longest delay is used to 
determine the variable delay of each of the remaining 
serial data channels. The difference between the lon- 
gest transmission delay and the delay for each chan- 
nel is added to the delay for each data channel, caus- 
ing all of the serial data channels to experience the 
same amount of delay. 

Once alignment using the alignment pattern is 
completed, REASSEMBLY 20 receives the transmit- 
ted individual datastreams on each of the low band- 
width data channels, and continuously monitors each 
individual channel for the alignment monitor pattern to 
ensure that channel alignment is maintained. The 
RxREADY signal is used to alert the user interface 
that valid user data is being transmitted. REASSEM- 
BLY 20 separates the alignment monitor pattern from 



the incoming user data, and combines the individual 
user datastreams by sequentially interleaving the 
user datastreams from each of the low bandwidth 
data channels. The resulting aggregate user data- 

5 stream is clocked on the RxDATA line to the user in- 
terface by RxCLK, which is generated by REASSEM- 
BLY 20. The rate of RxCLK is equal to the combined 
payload data rate of the individual network serial data 
channels, CHANNELS 1-N, i.e. data rate = N x (chan- 

10 nel data rate - process overhead), where process 
overhead includes the overhead for alignment moni- 
toring. 

A Lc1 ALIGN signai is used by REASSEMBLY 20 
once the serial data channels 25 are aligned, to indi- 

15 cate to DISASSEMBLY 1 0 that the data channels are 
aligned. The LdALIGN signai is also used to indicate 
that, based upon monitoring of the alignment monitor 
pattern, the channels are out of alignment and that 
DISASSEMBLY 10 should retransmit the alignment 

20 pattern. 

ALIGNMENT OF CARRIER NETWORK 
CHANNELS 

25 The initial alignment of the serial data channels 

of the carrier network and alignment monitoring may 
be accomplished in a number of ways. Two alterna- 
tives for accomplished in a number of ways. Two al- 
ternatives for accomplishing the alignment and mon- 

30 itoring of alignment are : (1) use alignment and align- 
ment monitor patterns which are the same ; or (2) use 
alignment and alignment monitoring patterns which 
are different. In the above described embodiment of 
a "fractional T3" channel, the T1 frame synchroniza- 

35 tion pattern may be used as both the alignment pat- 
tern and the alignment monitor pattern, as will now be 
described. 

Each frame transmitted on a T1 channel consists 
of 193 bits ; 192 data bits and one framing bit (code). 

40 The 1 93rd bit of each frame is the framing bit position. 
The 192 data bits consist of 24 data channels multi- 
plexed onto the T1 carrier channel, wherein each 
channel has 7 databits and one signalling bit. Refer- 
ring to Figure 4, the breakdown of the 193 bit T1 chan- 

45 nel frame is illustrated. Figure 4 was adapted from 
Tannenbaum, Andrew S., Computer Networks, Pren- 
tice-Hall, Inc., 2nd Ed., 1988, pp. 79-80. 

For Extended Superframe Mode on serial T1 data 
channels, one out of every four frame bit positions is 

so used to send a frame bit. The frame bit pattern se- 
quence is 001011. This frame bit pattern sequence 
gets repeated once every twenty-four T1 channel 
frames. In other words, "0" is the frame bit for one of 
the first four frame bit positions, "0" is the frame bit 

55 for one of the fifth through eighth frame bit positions, 
"1" is the frame bit for one of the ninth through twelfth 
frame bit positions, "0" is the frame bit for one of the 
thirteenth through sixteenth frame bit positions, "1" is 
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the frame bit for one of the seventeenth through twen- 
tieth frame bit positions, and "1" is the frame bit for 
one of the twenty-first through twenty-forth frame bit 
positions. 

Since the alignment pattern is the same as the 
frame bit pattern, also known as frame sync pattern, 
detection of the frame sync pattern also results in de- 
tection of the alignment pattern. If the incoming data 
is not in frame sync, the receiver forms a frame 
search for the frame bit pattern. The frame bit pattern 
must be valid for several repetitions before frame 
sync is declared. Frame pattern detection may be fur- 
ther qualified by using other techniques such as a 
correct Cyclic Redundancy Ch'ck (CRC), in the Ex- 
tended Superframe Frame Facility Data Link. The ap- 
plication of CRC to the present invention will be un- 
derstood by those having skill in the art. 

Thus, alignment of the serial T1 channels 25 is 
obtained by equalizing the effective transmission 
time delay for each T1 data channel by adding a va- 
riable delay based on the longest transmission time 
delay 30 (Figure 3) so that the frame sync from each 
individual data channel occurs at the same time. 
Once initial alignment is obtained, the frame pattern 
is also transmitted with the user data by interleaving 
a frame bit at one out of every four frame bit positions, 
i.e. a frame bit occupies bit 193 for one out of every 
four 193 bit frames. Since the frame bit (sync) pattern 
is always transmitted with the user data, it can also 
be used as the alignment monitor pattern. Thus, once 
initial alignment of all T1 channels is obtained, align- 
ment can be monitored by monitoring the frame sync 
pattern for each of the T1 data channels which is con- 
tinuously transmitted with the data as described 
above. If the frame sync of all of the individual data 
channels does not occur at the same time, a Lc- 
1 ALIGN signal is produced by REASSEMBLY 20 to in- 
dicate that the channels are no longer aligned and 
that realignment must occur. 

It is also possible to align and monitor alignment 
of the data channels using an alignment pattern which 
is different from the alignment monitor pattern. A dif- 
ferent alignment pattern may be needed because the 
overall phase difference between the serial data 
channels which can be compensated for is about one 
half of the alignment pattern repetition rate. There- 
fore, when the alignment pattern and alignment mon- 
itor pattern are the same as described above, the sys- 
tem is limited to one half the frame repetition period. 
Thus, in order to compensate for greater delay, a dif- 
ferent alignment pattern must be used. One possible 
alignment pattern is a pseudorandom data sequence 
generated by a 2 23 -21 polynomial. A 2 23 -21 polyno- 
mial provides a pseudorandom pattern having a 
length of 23 bits generated by 23 bit latch logic. An 
alignment pattern generated by a pseudorandom 
data sequence has a much longer repetition period. 

Implementation of a "fractional T3" channel using 



an alignment pattern which is different from the align- 
ment monitor pattern will now be described. When 
REASSEMBLY 20 determines that CHANNELS 1-N 
are not aligned, it generates an appropriate Lc- 

5 1 ALIGN signal which is transmitted to corresponding 
DISASSEMBLY 10. DISASSEMBLY 10 transmits the 
pseudorandom alignment pattern on each of the ser- 
ial T1 DATA CHANNELS. Transmission of the pseu- 
dorandom alignment pattern on each T1 channel con- 

10 tinues until the corresponding REASSEMBLY 20 de- 
termines that all T1 data channels are aligned and in- 
dicates this by transmitting an LdALIGN signal to 
DISASSEMBLY 10. DISASSEMBLY 10 then trans- 
mits the individual datastreams on the serial T1 data 

15 channels 

Monitoring of alignment when the alignment and 
alignment monitor pattern are different is performed 
in the same manner as described above with respect 
to using the frame bit pattern. Thus, the alignment 

20 monitor pattern may be the same as the frame sync 
pattern. In this instance, the frame sync pattern may 
be used as the alignment monitor pattern because 
the probability that one or more of CHANNELS 1-N 
will become misaligned within an integral number of 

25 frame repetition periods is extremely low. 

The LdALIGN signal, generated by REASSEM- 
BLY 20, is used to indicate to DISASSEMBLY 10 that 
CHANNELS 1-N are aligned. The LdALIGN signal 
may also be used to indicate that CHANNELS 1-N are 

30 not aligned. If the frame sync pattern is used as both 
the alignment pattern and the alignment monitor pat- 
tern, the LdALIGN signal is not needed to indicate 
that the alignment is lost because the alignment pat- 
tern (frame sync pattern) is always transmitted. How- 

35 ever, when an alignment pattern is used which is dif- 
ferent from the alignment monitor pattern, the align- 
ment pattern is always transmitted in place of user 
data. Therefore, if an alignment pattern is used which 
is different from the alignment monitor pattern, RE- 

40 ASSEMBLY 20 must instruct DISASSEMBLY 10 to 
transmit the alignment pattern when it is determined 
that CHANNELS 1-N are no longer aligned. In the 
present invention, this is accomplished by REASSEM- 
BLY 20 transmitting the alignment pattern to DISAS- 

45 SEMBLY 10. Thus, the system assumes that the data 
link between a first user interface and a second user in- 
terface is not useful unless CHANNELS 1-N are aligned. 
The "fractional T3" system avoids "racing" situations by 
having the node of the network which transmits the 

so data, i.e. DISASSEMBLY 10, wait a minimum period of 
time after observing the LdALIGN signal before dis- 
continuing transmission of the alignment pattern. Alter- 
natively, an alignment lost signal may be used. 

55 DETAILED DESCRIPTION OF DISASSEMBLY 

Referring to Figure 5, DISASSEMBLY element/ 

step 10 will now be described in detail. Figure 5 pro- 
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vides a block diagram of DISASSEMBLY 10 and In- 
cludes clock generator 110, alignment pattern gener- 
ator 120, alignment monitor pattern generator 130, 
disassembly control logic 140, channel multiplexors 
(CHANNEL 1-N MUXes) 150, line signal encoders 
160, and line drivers 170. 

Generally, clock generator 110 is connected to 
alignment pattern generator 120, alignment monitor 
pattern generator 130, disassembly control logic 140, 
and line signal encoders 160. Clock generator 110 
provides the timing for the disassembly process in- 
cluding timing for the T1 data channels by clocking 
line signal encoders 160, the alignment pattern gen- 
erator 120, the alignment monitor pattern generator 
130, the disassembly control logic 140, and the user 
interface via the TxCLK signal. More specifically, 
clock generator 110 provides the clocking signal 
TxCLK for clocking the user transmit data TxDATA 
from the user interface at a rate equivalent to the 
combined payload data rate of CHANNELS 1-N. 
TxCLK is generated by an oscillator. The payload data 
rate as previously defined is equal to the number of 
T1 data channels times the individual data channel 
rate minus the process overhead, i.e. payload data 
rate = N x (channel data rate - alignment monitoring 
pattern data rate). 

The reference clock signal must also meet the 
frequency tolerance and jitter specifications for the in- 
dividual data channels. All other clocks maintain syn- 
chronization with the reference clock. The clock sig- 
nals provided by the clock generator 110 to alignment 
pattern generator 120 and alignment monitor pattern 
generator 130 are equal to the data rate required for 
the specific pattern. For example, if the T1 data chan- 
nels CHANNELS 1-N have a data rate equal to 1.544 
megabits per second and the data rate of the align- 
ment monitor pattern is 8 kilobits per second, then the 
user interface TxCLK signal rate is N x 1.536 mega- 
bits per second. 

The alignment pattern generator 120 generally 
provides a pattern for aligning CHANNELS 1-N prior 
to transmission of user transmit data TxDATA. REAS- 
SEMBLY 20 (see Figure 3) receives the alignment 
pattern on each of CHANNELS 1-N and adjusts the 
transmission time delay, i.e. DELAYS 1-N, of each 
channel based on the longest transmission time delay 
and the variable transmission delays for those chan- 
nels having a transmission delay less than the lon- 
gest transmission delay. More specifically, the align- 
ment pattern generator 120 provides a periodic bit 
pattern having a period (pattern length/data rate) 
greater than double the maximum expected delay dif- 
ference between any two individual T1 channels dur- 
ing the initial alignment of CHANNELS 1-N. The align- 
ment monitor pattern is used by REASSEMBLY 20 on 
the receiving end of the carrier network to determine 
the relative transmission delay of each of CHANNELS 
1-N, and to adjust the transmission delays DELAYS 1- 



N (see Figure 3), so that all T1 data channels exper- 
ience the same transmission delay. The specific 
types of alignment patterns and implementation of 
the system using the specific type of alignment pat- 
5 terns have been previously described with respect to 
alignment 

Still referring to Figure 5, the alignment monitor 
pattern generator 130 generally provides an align- 
ment monitoring pattern which is transmitted with 

10 user transmit data TxDATA on CHANNELS 1-N. The 
alignment monitor pattern produced by generator 130 
is interleaved with the user transmit data TxDATA by 
the channel multiplexors, CHANNEL 1-N MUXes 
150. REASSEMBLY 20 continuously monitors each 

15 individual T1 data channel for the alignment monitor 
pattern produced by generator 130 to ensure that 
alignment of CHANNELS 1-N is maintained. 

More specifically, alignment monitor pattern gen- 
erator 130 generates a periodic pattern where the 

20 period equals the alignment monitor pattern length 
plus the user data rate. The alignment monitor pattern 
produced by generator 130 is determined by three 
factors ; (1) the time required by REASSEMBLY 20 
(see Figure 3) to detect the loss of alignment between 

25 the individual T& data channels, (2) the bandwidth re- 
quired to transmit the alignment monitor pattern, and 
(3) the probability that the alignment monitor pattern 
will be duplicated in the user data TxDATA which is 
transmitted with the alignment monitor pattern over 

30 CHANNELS 1-N. The specific implementations of the 
alignment monitor pattern have been previously de- 
scribed with respect to alignment. 

Disassembly control logic 140 provides the se- 
quencing logic for DISASSEMBLY 10 and provides a 

35 TxREADY signal to the user interface to indicate that 
user data can be transmitted. Disassembly control 
logic 140 is controlled by a clocking signal from clock 
generator 110 and a Lc1 ALIGN signal from the com- 
panion reassembly control logic of REASSEMBLY 20. 

40 Disassembly control logic 140 controls the individual 
T1 channel multiplexors 150 by providing the selec- 
tion inputs for multiplexors 150. The selection signals 
provided by disassembly control logic 140 to the indi- 
vidual channel multiplexors 150 control the inputs of 

45 user transmit data TxDATA, the alignment pattern 
generated by alignment pattern generator 120 and 
the alignment monitor pattern generated by generator 
130 for output onto the individual T1 data channels 
during each interval. The operations performed by 

50 disassembly control logic 140 will be described with 
respect to Figure 6. 

The individual T1 channel multiplexors 150 acts 
as selectors/multiplexors for the individual data chan- 
nels and are controlled by the output of disassembly 

55 control logic 140. Multiplexors 150 receive as inputs 
the user transmit data TxDATA, the alignment pattern 
produced by generator 120 and the alignment monitor 
pattern produced by generator 130. The output signal 
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from the individual channel multiplexors selected by 
disassembly control logic 140, is transmitted over the 
corresponding individual T1 data channels 25 (Figure 
1). When CHANNEL 1-N MUXes select the alignment 
pattern as a result of the selection signals received 
from disassembly control logic 140, no other input to 
CHANNEL 1-N MUXes is selected. When the individ- 
ual channel multiplexors receive selection signals 
from disassembly control logic 140 for the alignment 
monitor pattern and user transmit data TxDATA, the 
data and pattern are multiplexed and transmitted con- 
currently across CHANNELS 1-N. Each of the individ- 
ual T1 channel multiplexors 150 select only every nth 
bit of the user transmit data TxDATA, where n is equal 
to 1 through N. Insertion of the bits of the alignment 
monitor pattern into the individual datastreams for 
transmission on CHANNELS 1-N has been previously 
described with respect to alignment 

Line signal encoders 160 are controlled by the 
reference clock generated by clock generator 110. 
Line signal encoders 160 output the alignment pat- 
tern orTxDATA/alignment monitor pattern selected by 
CHANNEL 1-N MUXes 150 when clocked by the 
clock signal from generator 110. The output of the 
alignment pattern or TxD ATA/alignment monitor pat- 
tern of line signal encoders 160 are transferred to line 
drivers 170 for transmission on CHANNELS 1-N. Op- 
eration of line drivers 170 will generally be understood 
by those having skill in the art and need not be de- 
scribed further herein. 

Referring to Figure 6, the operations performed 
by disassembly control logic 140 will now be descri- 
bed. These operations may be implemented using a 
general purpose microprocessor running a stored 
program by special purpose logic, or by other well 
known means. At Block 141, TxREADY is set to 
FALSE, and provided to the user interface to indicate 
that valid user data is not to be transmitted on the car- 
rier network. Block 141 also sends a select signal to 
CHANNEL 1-N MUXes 150 so that the T1 channel 
multiplexors will select the alignment pattern and con- 
currently transmit the pattern on all individual T1 data 
channels CHANNELS 1-N. Disassembly control logic 
140 then monitors the status of the incoming Lc- 
1 ALIGN signal at Block 143 to determine whether 
CHANNELS 1-N are aligned. This signal is returned 
from the data receiving end via the REASSEMBLY 20 
of the transmitting end. 

If it is determined at Block 143 that Lc1 ALIGN 
equals FALSE, disassembly control logic 140 contin- 
ues to monitor the status of the Lc1 ALIGN signal re- 
ceived from REASSEMBLY 20 until all of the T1 chan- 
nels 25 at the receiver are aligned. If it is determined 
at Block 143 that the Lc1 ALIGN signal received from 
REASSEMBLY 20 is TRUE, disassembly control logic 
140 sets TxREADY equal to TRUE at Block 145, and 
transmits the signal to the user interface to indicate 
that user transmit data TxDATA may be sent to the far 



end receiver of the carrier network. 

Disassembly control logic 140 then transmits se- 
lect signals to CHANNEL 1-N MUXes 150, to select 
the user transmit data TxDATA from the user interface 

5 and the alignment monitor pattern produced by gen- 
erator 130. The user data TxDATA/alignment monitor 
pattern are then transmitted across the T1 data chan- 
nels of the carrier network (Block 145). Finally, disas- 
sembly control logic 140 monitors the status of the Lc- 

10 1 ALIGN signal received from REASSEMBLY 20 
which indicates that CHANNELS 1-N are still in align- 
ment. If it is determined at 149 that Lc1 ALIGN equals 
TRUE, disassembly control logic 140 continues to 
monitor this signal. However, if it is determined at 149 

15 that LdALIGN received from REASSEMBLY 20 
equals FALSE, disassembly control logic 140 then 
proceeds to set TxREADY equal to FALSE at 141, 
transmit this signal to the user interface to indicate 
that the user data cannot be transferred across the 

20 carrier network, and proceed to align the T1 data 
channels CHANNELS 1-N of the carrier network by 
transmitting the alignment pattern produced by gen- 
erator 120. 

25 DETAILED DESCRIPTION OF REASSEMBLY 

Referring to Figure 7, REASSEMBLY ele- 
ment/step 20 will now be described. REASSEMBLY 
20 consists of FIFO (First-ln First-Out) memories 21 0, 

30 alignment and alignment monitor pattern detectors 
220, combiner 230, reassembly control logic 240, 
clock recovery and data decoders 250, and receivers 
260. Generally, the REASSEMBLY element/step 20 
monitors each of the individual T1 data channels 25 

35 of the carrier network for the alignment pattern. The 
individual T1 channel(s) having the longest transmis- 
sion time delay is/are detected, and a variable trans- 
mission delay based upon the longest transmission 
delay is added to each of the other individual T1 chan- 

40 nels, to compensate for the transmission time delay 
so that all channels experience the same delay. Once 
the alignment process is complete, REASSEMBLY 20 
monitors each of the individual T1 data channels 
CHANNELS 1-N for the alignment monitor pattern to 

45 ensure that alignment is maintained. The reassembly 
process is controlled by reassembly control logic 240. 

More specifically, receivers 260, one associated 
with each of CHANNELS 1-N, receive the alignment 
pattern or TxDATA/alignment monitor pattern from 

so the transmitting end of the carrier network (system). 
The received user data is referred to as RxDATA. The 
operation of receiver 260 will be understood by those 
having skill in the art. The alignment pattern or RxDA- 
TA/alignment monitor pattern received by receivers 

55 260 is transmitted to clock recovery and data decod- 
ers 250 for recovering the clocks and decoding RxDA- 
TA. 

Clock recovery and data decoders 250 first re- 

9 
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cover a clocking signal from the incoming channels. 
This is necessary to ensure that clocking of REAS- 
SEMBLY 20 is synchronized with the far end transmit- 
ter. The recovered clocks are transmitted to reassem- 
bly control logic 240. Since the signals received on 
CHANNELS 1-N are analog, clock recovery and data 
decoders 250 then convert the received RxDATA sig- 
nals from analog to digital. Clock recovery and data 
decoders 250 clock RxDATA to the respective FIFO 
memory 210 and output the recovered clock signals 
to reassembly control logic 240. 

Still referring to figure 7, FIFO memories 210 will 
now be described. Each FIFO memory 210 may be 
implemented as a First-ln First-Out shift register. 
FIFO shift registers are known to those having skill in 
the art. Each FIFO 210 accommodates the transmis- 
sion time delay, DELAYs 1-N, for the respective T1 
d ata chan net C HANNELs 1 - N . The user data RxDATA 
RECEIVED ON CHANNELS 1-N is clocked into the 
corresponding FIFO memory 210 by the recovered 
clock CLK for each channel. The individual data- 
streams stored in FIFO memories 210 are clocked out 
of FIFOs 210 by CLKs 1-N which are generated by re- 
assembly control logic 240. 

The depth of each FIFO 210, which is expressed 
in bit intervals, must be greater than the longest trans- 
mission time delay in terms of bit intervals between 
any two of the individual T1 data channels. Thus, in 
essence, the transmission time delay on each individ- 
ual T1 data channel is accommodated by holding, i.e. 
"gapping" CLKs 1-N generated by reassembly control 
logic 240 for the variable amount of transmission time 
delay experienced by each individual T1 data chan- 
nel. Once the amount of time corresponding to the 
transmission delay for the particular individual T1 
data channel has elapsed, reassembly control logic 
240 outputs the generated CLKs 1-N signals for each 
of the individual T1 data channels to clock the re- 
ceived RxDATA from the respective FIFO memory 
210 to the corresponding alignment and alignment 
monitor pattern detector 220. 

Still referring to Figure 7, alignment and align- 
ment monitor pattern detectors 220 will now be descri- 
bed. Detectors 220 Monitor the datastreams, i.e. 
RxDATA, received on CHANNELS 1-N and which are 
outputted by FIFO memories 210, to identify the 
alignment pattern and the alignment monitor pattern. 
Detectors 220 detect the alignment pattern and gen- 
erate a pulse signal for every period thata valid align- 
ment pattern is received. The pulse signal generated 
by detectors 220 are outputted to reassembly control 
logic 240 for adjusting the depth of FIFO memories 
210 during the alignment phase by adjusting the 
CLKs 1-N clocking signals, and for detecting loss of 
alignment during the alignment monitoring phase. 
Once the channels are aligned and user data is being 
transmitted across the carrier network, alignment and 
alignment monitor pattern detectors 220 separate the 



alignment monitor pattern from the user data in the in- 
dividual datastreams received on CHANNELS 1-N. 
The individual datastreams, stripped of the alignment 
monitor pattern, are outputted by detectors 220 to 

5 combiner 230. 

Generally, combiner 230 sequentially interleaves 
the individual datastreams comprising the user data 
received on the low bandwidth, T1 data channels 
CHANNELS 1-N and transmits the combined aggre- 

10 gate datastream on a high bandwidth channel to the 
user interface. More specifically, combiner 230 forms 
a single high bandwidth datastream RxDATA by se- 
quentially interleaving the individual user data- 
streams received on CHANNELS 1-N in the same or- 

15 der that the individual datastreams were transmitted 
by DISASSEMBLY 10. RxDATA is clocked out of com- 
biner 230 to the user interface by RxCLK, which is 
generated by reassembly control logic 240. RxCLK 
has a clock rate equal to the combined payload data 

20 rate of the individual T1 data channels of the carrier 
network, i.e. RxCLK = N x (data channel rate - align- 
ment monitor pattern data rate). 

Still referring to Figure 7, reassembly control log- 
ic 240 will now be described. Generally, reassembly 

25 control logic 240 controls the reassembly process. It 
receives the clocking signals recovered from each of 
the T1 data channels, adjusts the depth of each FIFO 
memory 210 based on the variable transmission time 
delay of each T1 data channel, generates CLKs 1-N 

30 for clocking the alignment patterns and user 
data/alignment monitor patterns from the FIFO mem- 
ories 210 to detectors 220, generates a receiver clock 
RxCLK for clocking the user data out of combiner 230 
and transmits RxCLK to the user interface as well as 

35 a RxREADY signal to the user interface to indicate 
thatvalid user data is being sent to the user interface. 

More specifically, reassembly control logic 240 
has as inputs the pattern frame signals from each 
alignment and alignment monitor pattern detector 

40 220, and CLK from each clock recovery and data de- 
coder 250 corresponding to each T1 data channel. 
The CLKs, extracted from the channels to ensure that 
REASSEMBLY 20 is synchronized with the far end 
transmitter, are used by reassembly control logic 240 

45 to control the timing of the reassembly logic and to 
generate the CLK1 - CLKN clocks used for shifting 
the user data/alignment monitor patterns out of FIFO 
memories 210 and into detectors 220. RxCLK for 
clocking of the combiner 230 and the user interface 

so is also generated from the channel clocks CLKs out- 
putted by clock recovery and data decoders 250. 

The alignment pattern frame signals received by 
reassembly control logic 240 from detectors 220 are 
used to determine the relative transmission time de- 

55 lays 30 (Figure 3) for T1 data channel CHANNELS 1- 
N. First, the data channel(s) having the longest trans- 
mission time delay 30 (Figure 3) is/are determined. 
Once the T1 data channel(s) having the longest trans- 

10 
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mission delay is/are identified, reassembly control 
logic 240 adjusts the depth of each FIFO memory 21 0 
associated with each data channel so that each indi- 
vidual data channel experiences the same amount of 
transmission delay. As previously described, the 
depth of each FIFO memory 210 associated with 
each data channel so that each individual data chan- 
nel experiences the same amount of transmission de- 
lay. As previously described, the depth of each FIFO 
memory 210 is adjusted by "gapping* CLK1 - CLKN, 
i.e. suppressing clock pulses, for outputting the indi- 
vidual datastreams from FIFOs 210 to detectors 220. 

The alignment monitoring pattern frame signals 
inputted into reassembly control logic 240 from detec- 
tors 220 are used by control logic 240 for monitoring 
the alignment of CHANNELS 1-N of the carrier net- 
work, and to detect any loss of alignment. Based on 
the alignment monitor pattern frame signal, reassem- 
bly control logic 240 outputs an alignment status sig- 
nal, Lc1 ALIGN, to its local DISASSEMBLY 10. In the 
event that CHANNELS 1-N are aligned, the alignment 
status signal LdALIGN equals TRUE. However, if 
alignment of one or more of the individual T1 data 
channels CHANNELS 1-N is lost, the alignment status 
signal LdALIGN is set to FALSE and transmitted to 
DISASSEMBLY 10. 

Finally, reassembly control logic 240 also gener- 
ates a RxREADY signal which is transmitted to the 
user interface once it is determined that the carrier 
network channels are aligned. RxREADY will contin- 
ue to be TRUE while CHANNELS 1-N are aligned, the 
alignment monitoring patterns indicate that all of the 
individual data channels CHANNELS 1-N are main- 
taining alignment, and valid data is present on the 
user interface RxDATA line. 

Referring to Figure 8, the operation performed by 
flow of the reassembly process will now be described. 
These operations may be implemented using a gen- 
eral purpose microprocessor running a stored pro- 
gram, by custom logic, or by other well known means. 
At Block 241 the alignment status signal LdALIGN is 
set to FALSE and the receiver user interface signal 
RxREADY is set to FALSE. Once LdALIGN and 
RxREADY are set to FALSE, all T1 data channels 
CHANNELS 1-N of the carrier network are monitored 
for receipt of the alignment pattern. 

A determination is made at Block 242 as to the 
status of the alignment pattern. If it is determined at 
Block 242 that the alignment pattern has not been re- 
ceived on all of the data channels CHANNELS 1-N, 
monitoring of CHANNELS 1-N continues. However, if 
it is determined at Block 242 that the alignment pat- 
tern has been received on all of the individual data 
channels, the channel(s) having the longest or maxi- 
mum transmission time delay is/are identified at 
Block 243. The system then adjusts the FIFO mem- 
ories 21 0 by gapping/holding the clocks CLK1 - CLKN 
so that the transmission delays of all channels are 



equal to the longest transmission delay. 

Next, reassembly control logic 240 sets the align- 
ment status signal LdALIGN equal to TRUE at Block 
244. The control logic then monitors the alignment 

5 monitor pattern detected by detectors 220. Adetermi- 
nation is made at Block 245 regarding the status of 
the alignment monitor pattern. If it is determined at 
Block 245 that the alignment monitor pattern is not re- 
ceived on all data channels, monitoring of the align- 

10 ment pattern status continues. However, if it is deter- 
mined at 245 that the alignment monitor pattern has 
been received on ail T1 data channels CHANNELS 1- 
N, the channels are aligned and the system proceeds 
accordingly at Block 246. The user interface signal 

15 RxREADY is set equal to TRUE and transmitted to the 
user interface to indicate that all the data channels 
are aligned, the proper alignment monitor pattern is 
being received, and that valid user data RxDATA is 
present on the user interface RxDATA line. 

20 Continuing at Block 246, the system monitors the 

channels for loss of alignment by monitoring the align- 
ment monitor patterns detected by detectors 220. A 
determination is made at Block 247 whether align- 
ment is lost or a new alignment pattern has been re- 

25 ceived. If it is determined at Block 247 that alignment 
is not lost, i.e. the alignment monitor patterns re- 
ceived on CHANNELS 1-N are proper, the system 
continues to transmit a RxREADY signal equal to 
TRUE to the user interface and a LdALIGN signal 

30 equal to TRU E to DISASSEMBLY 1 0. However, if it is 
determined at Block 247 that alignment of the chan- 
nels is lost, as a result of improper alignment monitor 
patterns being received, or that a new alignment pat- 
tern is received, control is transferred to Block 241 for 

35 reinitializing of REASSEMBLY 20. The LdALIGN sig- 
nal is set equal to FALSE and transmitted to DISAS- 
SEMBLY 10 to indicate that CHANNELS 1-N of the 
carrier network are not aligned. RxREADY is set 
equal to FALSE and sent to the user interface to in- 

40 dicate that the data channels are not aligned and user 
data is not presently on the RxDATA line. 

END-TO-END EXAMPLE OF A "FRACTIONAL T3" 
SYSTEM 

45 

A specif ic end-to-end example of the operation of 
the "fractional T3" system according to the present in- 
vention will now be described. For purposes of this 
example of a "fractional T3" network, which may be 

50 referred to as an "N x TV system, assume that there 
are eight individual T1 data channels, i.e. N = 8. Each 
of the individual T1 data channels, CHANNELS 1-8, 
has a total channel rate of 1 .544 megabits per second, 
1 .536 megabits per second being dedicated to user 

55 data and 8 kilobits per second being reserved for 
framing and overhead functions, e.g. alignment and 
alignment monitor patterns. Therefore, the payload 
data rate for N = 8 is 8 x (1.544 megabits per second 

11 
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-8 kilobits per second) = 12.288 megabits per second, 
This example uses the T1 channel framing pattern as 
both the alignment pattern and the alignment moni- 
toring pattern. 

Referring to Figure 5, DISASSEMBLY 10 oper- 
ates as follows. Clock generator 110 is referenced to 
an N x channel data rate = 8 x 1.544 = 12.352 mega- 
hertz timing base. As previously described, clock gen- 
erator 110 clocks the alignment pattern and the user 
data/alignment monitor pattern onto CHANNELS 1-8. 
The generation of the alignment pattern by generator 
120 and generation of the alignment monitor pattern 
by generator 130 have both been previously prescri- 
bed. User data TxDATA is clocked from the user inter- 
face into the channel multiplexors, i.e. CHANNEL 1- 
8 MUXes 150, by TxCLK at a rate equal to 12.288 
megabits per second. The T1 frame bit pattern from 
the alignment and alignment monitor pattern genera- 
tors 120 and 130 are also clocked into CHANNEL 1- 
8 MUXes 150 at 12.288 megabits per second. Since 
there are eight individual T1 data channels, there are 
also eight channel multiplexors, i.e. CHANNEL 1-8 
MUXes 150, eight line signal encoders 160 and eight 
line drivers 1 70. As previously described, one framing 
bit, i.e. overhead bit, is transmitted on each T1 data 
channel for every 1 92 user data bits. Each framing bit 
of the framing pattern is added to the 192 payload 
user data bits at the exact same time for each of the 
eight T1 data channels in order to continuously pro- 
vide the alignment pattern to the individual T1 chan- 
nels on the carrier network. The same is true for pro- 
viding the alignment monitor pattern which is also the 
framing pattern. 

The output of each channel multiplexor CHAN- 
NEL 1-8 MUXes 150 is input into the corresponding 
line signal encoder 160 for performing the T1 line 
coding, so that the alignment pattern or user data 
TxDATA/alignment monitor pattern may be sent to the 
carrier network. Operation of line drivers 170 which 
control transmission of signals on the T1 channels will 
be understood by those having skill in the art. 

All T1 data channels, CHANNELS 1-8, operate at 
the exact same frequency. This frequency is pre- 
served by the carrier network. However, the individ- 
ual T1 data channels will experience different trans- 
mission time delays. Different transmission time de- 
lays are experienced by each T1 data channel be- 
cause the T1 channels may be routed on different 
physical paths, and the transmission equipment intro- 
duces different delays. As a result, the framing bits 
which combine to form the alignment pattern and 
alignment monitor pattern are received at different 
times at the receiver end of the system, even though 
the framing bits were inserted into each individual da- 
tastream at the same time by the channel multiplex- 
ors CHANNEL 1-8 MUXes 150 under the control of 
disassembly control logic 140. 

Referring to Figure 7, processing of REASSEM- 



BLY 20 for this example will now be described. Since 
there are eight T1 data channels CHANNELS 1-8 for 
this example, there are eight receivers 260, eight 
clock recovery and data decoders 250, eight FIFO 

5 memories 210, and eight alignment and alignment 
monitor pattern detectors 220, one for each of the in- 
dividual T1 channels. 

Since the T1 framing pattern is used as both the 
alignment pattern and the alignment monitor pattern, 

10 detectors 220 are T1 framing circuits. An example of 
a suitable T1 framing circuit is Model No. 9170 T1 
Framing Circuit marketed by Rockwell International 
Corporation. Each framing circuit, i.e. detector 220, 
searches the individual datastreams RxDATA re- 

15 ceived on the corresponding data channel of CHAN- 
NELS 1-8 for the T1 frame bit (sync) pattern. The op- 
eration of a framing circuit need not be described fur- 
ther. Each detector 220 outputs a frame sync pulse to 
reassembly control logic 240 each time a T1 frame 

20 sync pulse is detected. Reassembly control logic 240 
uses the frame sync pulses to perform the alignment 
and alignment monitoring process as described 
above with respect to alignment and reassembly. 
Initially, when REASSEMBLY 20 receives the 

25 alignment pattern in the form of the T1 framing pat- 
tern, the individual T1 data channels are not aligned. 
As a result, reassembly control logic 240 sets the 
RxREADY signal to FALSE. The individual data- 
streams RxDATA received on CHANNELS 1-8 are fed 

30 into clock recovery and data decoders 250 by receiv- 
ers 260. Decoders 250 recover, i.e. extract, the clocks 
CLKs from the channels to ensure that REASSEM- 
BLY 20 is synchronized to the far end transmitter. De- 
coders 250 then decode RxDATA and clock the de- 

35 coded RxDATA into FIFOs 210, and output the recov- 
ered clocks CLKs to reassembly control logic 240. 
RxDATA is clocked from the respective decoder 250 
into the respective FIFO 210 at a rate of 1.544 meg- 
ahertz. The individual datastreams RxDATA are then 

40 clocked out of the corresponding FIFO memory 210 
by CLKs 1-8 generated by reassembly control logic 
240 at the same 1 .544 megahertz rate and into the re- 
spective T1 framing circuit, i.e. alignment and monitor 
pattern detector 220. 

45 Once the entire framing pattern has been detect- 

ed by each T1 framing circuit 220, and the frame sync 
pulses have been out putted by the framing circuits to 
reassembly control logic 240, the control logic deter- 
mines which individual T1 channel of CHANNELS 1- 

50 8 experiences the maximum or longest transmission 
delay. Using the T1 framing pattern for alignment al- 
lows the maximum delay differential between any two 
T1 channels to be no greater than 96 bits. The follow- 
ing process is used to identify the T1 channel with the 

55 maximum delay by identifying the interval between 
the T1 sync pulse from the T1 channel having the 
greatest delay and the T1 sync pulse from the T1 
channel having the smallest delay. 

12 
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Reassembly control logic 240 has a counter ca- 
pable of counting to one half (96 bits) of the period of 
the alignment pattern (the 193 bitT1 framing pattern). 
This counter is clocked by any of the recovered or ex- 
tracted T1 clocks CLKs from clock recovery and data 
decoders 250. Any of the recovered clocks may be 
used since CHANNELS 1-8 all operate at the same 
frequency. The counter of control logic 240 stops 
counting when it reaches a maximum count of one 
half of the period of the alignment pattern, i.e. 96 bits. 

Every time one of the frame sync pulses is sent 
by detectors 220 to reassembly control logic 240, the 
counter is reset to zero. At some point, the counter will 
reach the maximum count of 96 bits, and stop count- 
ing. The counter will reach the maximum count be- 
cause all of the alignment pattern/frame sync pulses 
will occur within one half of the period of theT1 frame 
(96 bits). Once the counter reaches this maximum, 
the next frame sync pulse received from detectors 
220 corresponds to the T1 channel experiencing the 
minimum or shortest transmission delay. Once the T1 
channel experiencing the shortest transmission delay 
is identified, the order of the other T1 channels based 
on their relative transmission delay can easily be de- 
rived by counting the number of bits of relative delay. 
The alignment pattern/frame sync pulse which occurs 
the longest time after the sync pulse of the T1 chan- 
nel experiencing the shortest transmission delay is 
the T1 channel which experiences the maximum 
transmission delay. 

For example, assuming that CHANNEL 5 exper- 
iences the longest transmission delay, reassembly 
control logic 240 adjusts the effective depth of the 
FIFO memories 210 for all other T1 channels, i.e. 
CHANNELS 1-4 and 6-8, so that their transmission 
delay is equal to that of CHANNEL 5. if, for example, 
CHANNEL 2 experiences 17 bits less delay in receiv- 
ing the alignment pattern than that of CHANNEL 5, 
reassembly control logic 2140 holds off, i.e. "gaps", 
CLK 2 for 17 bit times. This gapping of CLK 2 effec- 
tively increases the depth of FIFO memory 210 for 
CHANNEL 2 by 17 bits to be equal to the depth of 
FIFO memory 210 for CHANNEL 5. Each of the other 
clocks used to clock FIFO memories 21 0 for the other 
channels (CHANNELS 1, 3, 4, 6, 7 and 8) is similarly 
gapped dependent upon the amount of its respective 
delay which is less than that of CHANNEL 5. Thus, 
the total delay for each of the individual T1 data chan- 
nels (CHANNELS 1-8) is now equal, in that the trans- 
mission delay of each of the channels is equal to that 
of CHANNEL 5. 

Reassembly control logic 240 does not need to 
know that there are 17 bits of difference between the 
transmission delays of CHANNEL 2 and CHANNELS. 
Rather, reassembly control logic 240 can simply gate 
CLK 2 once per T1 frame until the frame sync pulse 
from CHANNEL 2 agrees with the frame sync pulse 
for CHANNELS. It will be understood by those having 



skill in the art that alignment of the T1 channels to 
CHANNEL 5 may be performed in parallel. 

Once the frame sync pulses detected by detec- 
tors 220 for all individual T1 channels CHANNELS 1- 

5 8 are lined up, reassembly control logic 240 sets the 
alignment status signal LdALlGN to "TRUE" and 
transmits this signal to DISASSEMBLY 10 to indicate 
that the channels are aligned. Once all of the frame 
sync pulses from detector 220 line up and thus, the 

10 receiver is aligned, CLKs 1-8 which clock data out of 
FIFO memories 210, need not be gapped. As a result, 
the average effective depths of FIFO memories 210 
maintain a fixed relationship with respect to one an- 
other. Reassembly control logic 240 then sets 

15 RxREADY to TRUE to indicate that user data RxDATA 
is available for use by the user interface. 

The user data is interleaved with the alignment 
monitor pattern. In this example, the framing pattern 
is also used as the alignment monitor pattern. Thus, 

20 alignment and alignment monitor pattern detectors 
220, i.e. framing circuits, search for the framing pat- 
tern interleaved with the user data of the individual 
datastreams received on CHANNELS 1-8 and transfer 
frame sync pulses to reassembly control logic 240. 

25 The control logic monitors the frame sync pulses from 
each detector 220 to make sure that all frame sync 
pulses are lined up, i.e. the channels remain aligned. 
In the event that reassembly control logic 240 deter- 
mines that the frame sync pulses are not lined up, 

30 alignment is lost and the channels must once again 
be aligned via the alignment process described 
above. The channels will remain aligned in normal 
steady state network conditions. Typically, alignment 
will only be lost when one or more of the T1 channels 

35 are disrupted in some manner. 

The user data RxDATA minus the alignment mon- 
itor pattern (the framing pattern) is transferred from 
detectors 220 to combiner 230. Combiner 230, as pre- 
viously described, is clocked by RxCLK which is gen- 

40 erated by the reassembly control logic 240. It com- 
bines the individual datastreams in the exact same 
order in which they were transmitted. The combined 
datastream is then transferred to the user interface 
on the RxDATA line. 

45 

Claims 

1. Apparatus for transforming a plurality of relatively 
so low bandwidth telecommunications channels into 

a relatively high bandwidth telecommunications 
channel, characterized in that It comprises: 

means for determining relative transmis- 
sion time delays among said low bandwidth 
55 channels; and 

means, responsive to said determining 
means, for equalizing transmission time delay 
across said plurality of low bandwidth channels to 

13 
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produce a plurality of time delay equalized low 
bandwidth channels; 

whereby the time delay equalized low 
bandwidth channels form a single high band- 
width channel. 5 

2. The apparatus of claim 1 wherein said determin- 
ing means comprises: 

means for transmitting an alignment signal 
across each of said low bandwidth channels; 10 

means for receiving said alignment signal 
from each of said low bandwidth channels; and 

means, responsive to said receiving 
means, for measuring time differences among 
the received alignment signals at each of said low 15 
bandwidth channels. 



across a respective one of said low bandwidth 
channels. 

7. The apparatus of claim 5 wherein said equalizing 
means further comprises means for assembling 
the time delay equalized low bandwidth data into 
a single high bandwidth datastream, 

8. The apparatus of claim 3 wherein said means for 
adding time delay comprises a plurality of vari- 
able length shift registers, a respective one of 
which is associated with a respective one of said 
low bandwidth channels, and means for adjusting 
the length of each shift register to produce a de- 
lay corresponding to the calculated time delay for 
the associated low bandwidth channel. 



3. The apparatus of claim 1 wherein said determin- 
ing means comprises: 

means for determining a longest transmis- 20 
sion time delay among said plurality of low band- 
width channels, and for calculating a time delay 
difference between each of said plurality of low 
bandwidth channels and said longest transmis- 
sion time delay; and 25 

wherein said equalizing means comprises 
means for adding time delay to each low band- 
width channel, corresponding to the calculated 
time delay difference for the associated low 
bandwidth channel. 30 



9. The apparatus of claim 1 further comprising: 

means for verifying that time delays 
among said low bandwidth channels remain 
equalized, said verifying means comprising: 

means for transmitting a monitor signal 
across each of said time delay equalized low 
bandwidth channels; 

means for receiving said monitor signal 
from each of said time delay equalized low band- 
width channels; and 

means, responsive to said receiving 
means, for verifying that time differences do not 
exist among the received monitor signals. 



4. The apparatus of claim 1 wherein said equalizing 
means comprises means for adding time delay to 
at least one of said low bandwidth channels such 
that time delay across each of said low band- 
width channels is equalized. 

5. The apparatus of claim 1 further comprising: 

means for transmitting high bandwidth 
data across said plurality of low bandwidth chan- 
nels; and 

means for asynchronously receiving the 
transmitted high bandwidth data from said plural- 
ity of low bandwidth channels, due to said relative 
transmission time delays among said low band- 
width channels; 

said equalizing means comprising means 
for aligning and combining the received low band- 
width data channels into a received high band- 
width data channel. 

6. The apparatus of claim 5 wherein said transmit- 
ting means comprises: 

means for disassembling said high band- 
width data into a plurality of low bandwidth data- 
streams; and 

means for transmitting a respective one of 
said plurality of low bandwidth datastreams 



10. The apparatus of claim 9 wherein said transmit- 
ting means comprises means for repeatedly 
transmitting the monitor signal across each of 

35 said time delay equalized low bandwidth chan- 

nels. 

11. The apparatus at anyone of the previous claims 
characterized it is used for assembling a relative- 

40 ly high bandwidth communications datastream 

from a plurality of relatively low bandwidth data- 
streams which are received from said plurality of 
relatively low bandwidth telecommunications 
channels. 

45 

12. Apparatus for disassembling a relatively high 
bandwidth communications datastream into a 
plurality of relatively low bandwidth communica- 
tions datastreams,for transmission on a corre- 

50 sponding plurality of relatively low bandwidth tel- 

ecommunications channels, comprising: 

means for splitting said high bandwidth 
communications datastream into a plurality of low 
bandwidth datastreams; 
55 means for concurrently inserting an align- 

ment signal into each of said plurality of low band- 
width datastreams; and 

means for concurrently transmitting a re- 

14 
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spectiveoneof said plurality of low bandwidth da- 
tastreams, including the concurrently inserted 
alignment signals, on a respective one of said 
plurality of low bandwidth channels. 

13. The apparatus of claim 1 or 12 wherein each of 
said low bandwidth communications channels 
comprises a T1 data communications channel. 

14. The apparatus of claim 12 further comprising: 

means for concurrently inserting a moni- 
tor signal into each of said plurality of low band- 
width datastreams; and 

wherein said concurrent transmitting 
means further comprises means for concurrently 
transmitting a respective one of said plurality of 
low bandwidth datastreams, including the con- 
currently inserted alignment signals and the con- 
currently inserted monitor signals, on a respec- 
tive one of said plurality of low bandwidth chan- 
nels. 

15. The apparatus of claims 2, 9, 12 or 14 wherein 
each of said low bandwidth communications 
channels comprises a T1 data communications 
channel, and wherein said monitor signal com- 
prises a T1 channel frame synchronization pat- 
tern. 

16. The apparatus of claim 9 or 14 wherein each of 
said low bandwidth communications channels 
comprises a T1 data communication channel, 
and wherein said monitor signal comprises a 
pseudorandom data sequence. 

17. The apparatus of claim 14 wherein said concur- 
rent inserting means comprises means for re- 
peatedly and concurrently inserting the monitor 
signal into each of said plurality of low bandwidth 
datastreams. 

1 8. A method for transforming a plurality of relatively 
low bandwidth telecommunications channels into 
a relatively high bandwidth telecommunications 
channel, comprising the steps of: 

determining relative transmission time de- 
lays among said low bandwidth channels; and 
equalizing transmission time delay across said 
plurality of low bandwidth channels, based upon 
the relative time delays among said low band- 
width channels, to produce a plurality of time de- 
lay equalized low bandwidth channels; 

whereby the time delay equalized low 
bandwidth channels form a single high band- 
width channel. 

19. The method of claim 18 wherein said determining 
step comprises the steps of: 



transmitting an alignment signal across 
each of said low bandwidth channels; 

receiving said alignment signal from each 
of said low bandwidth channels; and 
5 measuring time differences among the re- 

ceived alignment signals at each of said low 
bandwidth channels, to thereby determine rela- 
tive transmission time delays among said low 
bandwidth channels. 

10 

20. The method of claim 18 wherein said determining 
step comprises the steps of determining a lon- 
gest transmission time delay among said plurality 
of low bandwidth channels, and calculating a 

15 time delay difference between each of said plur- 

ality of low bandwidth channels and said longest 
transmission time delay; and 

wherein said equalizing step comprises 
the step of adding time delay to each low band- 

20 width channel, corresponding to the calculated 

time delay difference for the associated low 
bandwidth channel. 

21. The method of claim 18 wherein said equalizing 
25 step comprises the step of adding time delay to 

at least one of said low bandwidth channels such 
that time delay across each of said low band- 
width channels is equalized. 

30 22. The method of claim 1 8 wherein said equalizing 
step is followed by the steps of: 

transmitting high bandwidth data across 
said plurality of time delay equalized low band- 
width channels; and 

35 receiving the high bandwidth data from 

said plurality of time delay equalized low band- 
width channels, notwithstanding said relative 
transmission time delays among said low band- 
width channels. 

40 

23. The method of claim 22 wherein said transmitting 
step comprises the steps of: 

disassembling said high bandwidth data 
into a plurality of low bandwidth datastreams; and 
45 synchronously transmitting a respective 

one of said plurality of low bandwidth data- 
streams across a respective one of said time de- 
lay equalized low bandwidth channels. 

so 24. The method of claim 22 further comprising the 
step of: 

assembling the time delay equalized low 
bandwidth data into a single high bandwidth da- 
tastream. 

55 

25. The method of claim 19 wherein each of said low 
bandwidth communications channels comprises 
a T1 data communications channel, and wherein 
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said alignment signal transmission step compris- 
es the step of transmitting a T1 channel frame 
synchronization pattern across each of said low 
bandwidth channels. 

26. The method of claim 18 further comprising the 
step of: 

verifying that time delays among said low 
bandwidth channels remain equalized. 

27. The method of claim 26 wherein said verifying 
step comprises the step of: 

transmitting a monitor signal across each 
of said time delay equalized low bandwidth chan- 
nels; 

receiving said monitor signal from each of 
said time delay equalized low bandwidth chan- 
nels, and 

verifying that time differences do not exist 
among the received monitor signals. 

28. The method of claim 27 wherein each of said low 
bandwidth communications channels comprises 
a T1 data communications channel, and wherein 
said monitor signal transmitting step comprises 
the step of transmitting a T1 channel frame syn- 
chronization pattern across each of said low 
bandwidth channels. 

29. The method of claim 27 wherein each of said low 
bandwidth communications channels comprises 
a T1 data communication channel, and wherein 
said monitor signal transmitting step comprises 
the step of transmitting a pseudorandom data se- 
quence across each of said low bandwidth chan- 
nels. 

30. The method of claim 27 wherein said transmitting 
step comprises the step of repeatedly transmit- 
ting the monitor signal, wherein said receiving 
step comprises the step of repeatedly receiving 
said monitor signal, and wherein said verifying 
step comprises the step of repeatedly verifying 
that time differences do not exist among the re- 
ceived monitor signals. 

31. The method of anyone at the previous claims 
characterized in that it is used for assembling a 
relatively high bandwidth communications data- 
stream from a plurality of a relatively low band- 
width datastream which are received- from a re- 
spective plurality of relatively low bandwidth tel- 
ecommunications channels. 

32. A method for disassembling a relatively high 
bandwidth communications datastream into a 
plurality of relatively low bandwidth communica- 
tions datastreams, for transmission on a corre- 



sponding plurality of relatively low bandwidth tel- 
ecommunications channels, comprising the 
steps of; 

splitting said high bandwidth communica- 
5 tions datastream into a plurality of low bandwidth 

datastreams; 

concurrently inserting an alignment signal 
into each of said plurality of synchronous low 
bandwidth datastreams; and 
10 concurrently transmitting a respective one 

of said plurality of synchronous low bandwidth 
datastreams, including the concurrently inserted 
alignment signals, on a respective one of said 
plurality of low bandwidth channels. 

15 

33. The method of claim 32 wherein each of said low 
bandwidth communications channels comprises 
a T1 data communications channel, and wherein 
said alignment signal inserting step comprises 

20 the step of concurrently inserting a T1 channel 

frame synchronization pattern in each of said T1 
channels. 

34. The method of claim 32 further comprising the 
25 steps of: 

concurrently inserting a monitor signal 
into each of said plurality of low bandwidth data- 
streams; 

wherein said concurrent transmitting step 
30 further comprises step of concurrently transmit- 

ting a respective one of said plurality of low band- 
width datastreams, including the concurrently in- 
serted alignment signals and the concurrently in- 
serted monitor signals, on a respective one of 
35 said plurality of low bandwidth channels. 

35. The method of claim 34 wherein each of said low 
bandwidth communications channels comprises 
a T1 data communications channel, and wherein 

40 said monitor signal inserting step comprises the 

step of concurrently inserting a T1 channel frame 
alignment pattern into each of said plurality of low 
bandwidth datastreams 

45 36. The method of claim 34 wherein each of said low 
bandwidth communications channels comprises 
a T1 data communication channel, and wherein 
said monitor signal inserting step comprises the 
step of concurrently inserting a pseudorandom 

50 data sequence into each of said plurality of low 

bandwidth signals. 

37. The method of claim 34 wherein said monitor sig- 
nal inserting step comprises the step of repeat- 
55 edly and concurrently inserting the monitor sig- 

nal into each of said plurality of low bandwidth da- 
tastreams. 

16 
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SET TxREADY = FALSE 
SEND ALIGNMENT PATTERN ON 
ALL CHANNELS 



Lcl ALIGN = FALSE 



143 



LclALlGN = TRUE 




SET TxREADY = TRUE 
SEND ALIGNMENT MONITOR 

PATTERN AND USER TxDATA 



MONITOR LclALIGN STATUS 



LcIALIGN = TRUEUSTATUS 
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Lcl ALIGN = FALSE 
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FIG. 6. 
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